THE tumours of the liver are both numerous and varied. So far, excision is the only means by which they may be cured. Although such operations are still uncommon, great strides have been made in this field during the past ten years. Surgical removal of a portion of the human liver is not, however, an utterly novel procedure. The first case was recorded in I7I6 by Berta, who treated a madman with a self-inflicted knife wound of the right hypochondrium through which a part of the right lobe of the liver had prolapsed. On the day following the injury, Berta amputated the protruding portion and the patient recovered (Pettinari, 1957; Paolucci de Valmaggiore, 1955) . Excision of a hepatic lobe had been successfully performed in the dog even earlier, by Zambeccari in i68o (Jarcho, 194I) . The first elective liver resection in man is attributed to Ohlshausen in i882 and this was followed within a decade by many other reports (summarized by Keen, I892, I897, I899) The history of the subject falls into three periods. The first, up to the end of the nineteenth century, and covered by Keen's three reviews, is the primitive period. The indications for operation included anomalous lobes, gummata, echinococcal cysts, and tumours. In many cases an attempt was made to render the operation extraperitoneal either by exteriorizing the liver before division, or else by stitching its cut margins to the abdominal incision at the end of the operation. The liver tissue was divided by various means, including scissors, cautery, and elastic rubber ligatures. Hemostasis was obtained by cautery, ligature and packing.
The second period, from Keen's last review (I899) to Warvi's paper (1945) , may be described as the pre-anatomical period. Resections were carried out in one stage as intra-abdominal operations. Hamostasis was usually secured by a chain of interlocking mattress sutures distal to which the liver could be safely incised, but the line of division took no account of the anatomical distribution of the vessels and ducts. One-stage intra-abdominal methods had been used by some surgeons even in the primitive period, notable among them being Langenbuch (I888), Vohtz (1889), Wagner (I890), Deces (I890), Tansini (I89I) (all recorded by Keen, I892) .
In the third or modern period, covering only the last decade or so, liver surgery has been completely transformed by renewed anatomical study using injection-corrosion methods. The knowledge so gained has led to the development of techniques of resection planned in conformity with the distribution of the vessels and ducts. This has coincided with improvements in anxsthetic methods, the surgery of access and the management of shock and metabolic disturbances, while increased understanding of liver disease has led to the evolution of more refined methods of diagnosis. Modern surgical treatment of liver tumours frequently involves the removal of a half or more of the liver substance, and not only are such operations applicable to a greater number of cases than were the more limited excisions of earlier days; they also improve the prospects of cure.
As yet, few surgeons have recorded any really considerable personal experience of liver resection. Mention should be made of Pack (several reports), Brunschwig (I959) (Table i) . Some of these cases have been described in detail elsewhere 4. Hamangioma, hamangio-endothelioma, hamangio-endothelial sarcoma.
5. Fibroma, lipoma, myxoma. 6.-Sarcoma. 7. Rare or doubtful tumours; primary argentaffin tumours, adrenal rest tumours, squamous carcinoma.
We have treated four angiomas, three adenomas, five primary carcinomas, five carcinomas of the gall-bladder and one of the hepatic duct with extension into the liver, one carcinoma of the right kidney (hypernephroma) with direct infiltration of the liver, five carcinomas of the stomach with blood-borne hepatic metastases, and one metastic malignant melanoma. The main features of these cases are shown in Table i .
Angioma
This is the commonest benign tumour of the liver and many have been successfully resected (Macchitella, 1955) . It may arise within the substance of the organ, at the surface, or even on a pedicle. io% are multiple (Feldman, 1958) , while size varies from less than i cm. across to enormous masses filling the abdomen and weighing up to i8,i6o g (Major and Black, I9I8) . The majority are seen when about 7 to io cm. in diameter. Tumours causing symptoms, especially if the patient is under 40 years, are commoner in women (Schumaker, 1942) , but in autopsy series males are affected more frequently (Edmondson, 1958 (Edmondson, 1958 (Berman, 195I (Froboese, 1952; Milman and Grayzel, 1951; Sheehan, 1930; and Williams, 1953) . The maximum incidence is between 45 and 6o years of age (Behrend and Harberg, 1952) , but liver tumours are also common in infancy. Steiner (1938) Males predominate in the ratio 6: i (Behrend and Harberg, 1952) , and this predominance is even greater in infancy. The frequent correlation between liver-cell cancer and cirrhosis is well known and it is convenient to divide them into those occurring in a cirrhotic and those occurring in a non-cirrhotic liver. The significance of this correlation is not known but it is shown by all forms of cirrhosis, including such specific varieties by direct extension and through lymphatic channels, there being a close connection between the lymphatics of the gall-bladder and those of the liver (Fazio, I952; Ottaviani, 1932) . These connections involve not only the superficial lymphatics of the liver and gall-bladder, but also those on the hepatic surface of the gall-bladder and within the adjacent liver parenchyma. Lymph node involvement in the portal fissure is found in 50% of cases. The likely extent of liver invasion as suggested by the anatomical studies of Ottaviani includes the whole of the quadrate lobe and a moderate amount of the right lobe along the lateral border of the gall-bladder fossa. Gans and Bax (1955) show an even larger territory, including the right and left paramedian lobes (in Couinaud's terminology) and part of the right lobe.
In general, the same remarks apply to intrahepatic spread from carcinoma of the bile ducts. Again this takes place both by direct extension and through the lymphatics and is both early and frequent.
Carcinoma of Stomach and Colon
Direct spread of carcinoma of the stomach to the liver, usually the left lobe, is also common, occurring with approximately the same frequency as blood-borne metastasis (Raven, I955).
Similar considerations apply to growths of the hepatic flexure of the colon with spread to the adjacent liver, for which liver resections (generally of the right lobe) may be combined with right hemicolectomy.
Other Visceral Carcinomas
Few examples of liver resection combined with nephrectomy for intra-hepatic spread from carcinoma of the right kidney have been recorded. Case I9 is an example. It required local excision of part of the left and right lobes. The operation, though difficult, was followed by satisfactory recovery, the patient was discharged in two weeks and survived for i6 months.
Blood-borne Metastases
We have operated upon five metastases from carcinoma of the stomach and one from malignant melanoma. The incidence of liver metastasis from growths in various sites in the gut has been analysed by Raven (1955) . In summary, he found that out of 818 patients, liver metastases were present on clinical or visual assessment in I76 (21.5%), and partial hepatectomy was either carried out or would have been feasible in 32 of these (3.9%)°T he question of surgery cannot arise if such deposits are present throughout the whole of the liver, but when only one is found, or when there are two or three confined to one arnatOmical segment of the liver, resection should be considered. It is worth while to distinguish between a synchronous metastasis (seen at the time of the operation for the primary growth) and a metachronous one (first discovered some time after the primary growth has been removed). A large solitary metachronous growth may well be presumed to be truly single since any emboli passing from the primary growth to the liver must have been transmitted before the primary growth was removed and if one deposit has had time to attain a large size the others would also have done so.
Clinical Features and Diagnosis
The manner of presentation and the means by which a diagnosis was reached in our cases are shown in Tables 2, 3 , 4 and 5.
The discovery of a palpable tumour is undoubtedly the crucial step in diagnosis. In all ten patients in whom no tumour was found clinically, the true diagnosis was made only at laparotomy (Nos. 23, 24, 26, 36, 37, 42, 43, 44, 45 and 46 in 
Liver-Cell Adenoma and Carcinoma
These tumours have no characteristic symptoms as our cases show: the benign adenomas indeed often cause no symptoms at all. In nine of the 13 cases of Henson and others the tumour was discovered accidentally at operation. Of our three, all had a palpable mass, and in two symptoms were also present. In carcinoma the onset is often misleading with dyspepsia, pallor, weakness, wasting, pyrexia, or merely the presence of a symptomless lump. Clinical evidence of liver dysfunction, jaundice and ascites are usually late to appear. Slight or sub-clinical jaundice was present in a fifth of Edmondson's patients, but in none of ours. Fever is common and was found in all our cases, while hepatomegaly is invariable. The liver is usually firm and irregular and sometimes a venous hum may be heard over it. There may be evidence of other clinical conditions known to be associated with liver-cell carcinoma, such as cirrhosis or clonorchis infestation of the bile ducts. Splenomegaly is occasionally found (once in our series) and hamatemesis may occur (particularly with liver-cell growths). Sometimes there is portal hypertension, which may be due to the presence in the tumour of numerous arterio-venous anastomoses, or to compression of the portal trunk as in our own Case 32, shown by splenoportography (Fig. 6 ), or to thrombosis of the portal vein (Hou, I956) .
Radiology
A plain film may confirm the suspicion of a liver tumour by showing displacement of the gas shadows of the stomach and colon, and barium studies may usefully supplement this. Occasionally calcification will be seen in the tumour.
Retroperitoneal insufflation performed according to the technique used in Padua (Brearley, I96I) yields a considerable amount of useful information. A small quantity (about 500 ml.) of air or oxygen is introduced into the pre-sacral space and then by adjustment of the patient's posture it is induced to pass into the upper abdomen. The movements of the gas are controlled by periodic screening, and by changes of posture. By this means it is possible to outline all the surfaces of the liver, demonstrating the relation between the tumour and the adjacent organs. Areolar planes which fill with air are free of malignant infiltration, while areas which cannot be filled are probably invaded, so that a fair indication of operability is also obtained. Hepatic arteriography may show displacement and interruption of the vessels (Fig. 6) or zones of increased vascularity, seen particularly in secondary deposits (whose blood supply is derived entirely from the hepatic artery).
We inject the contrast medium by puncturing the aorta at the level of the i2th thoracic vertebra. Serial films are taken at i and 2 seconds (arterial phase), 3, 4, 6 and 8 seconds (parenchymal phase) and ii, I3, I5 and i8 seconds (venous phase). We prefer this to selective arteriography by catheterization because it shows the anatomical arrangement of the hepatic artery and any possible anomalies of number or distribution (not infrequent in our experience) which may be important when surgery is contemplated.
Splenoportography may show sharp interruption or distortion of the intra-hepatic vessels, large avascular areas, and in the presence of massive growths, compression or blockage or the portal trunk, leading to the development of anastomotic channels (as in Case 32). In the absence of splenomegaly it is wise to defer this investigation until near the time of operation in case of damage to the spleen.
Retrograde injection of medium into the catheterized hepatic veins (Servello and Dalla Palma, 1954 ) may show similar appearances or the medium may pass into irregular cavities in the tumour parenchyma.
Laboratory Tests
Although the common liver function tests and especially those flocculation reactions thought to be connected with the o and ( globulins are often disturbed, there is no characteristic pattern peculiar to liver tumours. We have found electrophoresis of the serum proteins extremely helpful however. Usually an increase is found in the x and ( globulins, especially the O2 fraction (Rafski, Weingarten, Krieger, Stern and Newman, 1950; Seibert, Seibert, Atno and Campbell, I947) . Two of our primary tumours showed marked elevation of the M2 fraction, while the ( globulin appeared to be increased more markedly in the presence of secondary tumours. Often these changes are accompanied by a considerable reduction of the albumin (Fig. 7) .
Other possible findings in malignant tumours include thrombocytosis (Feasby, I945) and hypoglycaemia (Thompson and Hilferty, 1952; Edmondson and Steiner, 1954) . This is attributed to mopping up of glucose by the neoplastic cells which grow rich in glycogen, to such an extent that the normal liver may become depleted and unable to maintain the normal blood glucose (McFadzean and Yeung, 1956) . In children there may be decalcification of the skeleton (hepatic osteomalacia) and hyperlipemia (Hansen, Zeigler and McQuarrie, 1940) parenchymal cells) and colloidal gold (which is taken up by the reticulo-endothelial cells) may be made radioactive and when administered intravenously both are concentrated in normal liver but not in tumour tissue. Scanning of the liver will then disclose zones of absent or diminished radioactivity corresponding to the sites of the tumours. We have no experience of this method which is still in the experimental stages, but it appears to be highly promising (Friedell, Mac- The information collected by these means is usually sufficient to sustain a pre-operative diagnosis, or at any rate to determine the need for laparotomy. In genuine doubt and difficulty, needle biopsy of the liver (which is generally quite harmless even in cases of tumour) and peritoneoscopy will offer additional information.
Treatment General considerations
Some tumours which appear to the naked eye to be benign prove on histological examination to be malignant. Others may undergo malignant change later, or give rise to fatal hbemorrhage. All should therefore be. removed, irrespective of whether they have been diagnosed pre-operatively or discovered inadvertently at laparotomy. Since even a small hmmorrhage greatly increases the difficulty, excision should be undertaken as soon as possible.
Of the frankly malignant tumours, the diffuse forms, both nodular and infiltrating, are plainly beyond surgical cure, but this does not exclude all multiple tumours; if the nodules result from portal embolism they will all lie in the same anatomical segment as the primary growth and this type of spread often precedes the appearance of more distant.metastases in lymph nodes, lungs or diaphragm. The propagation of tumour thrombus through the hepatic vein to the vena cava or right atrium is very rare (Edmondson, I958) , as is retrograde spread in the portal vein.
In the case of secondary malignant deposits arising by direct extension, removal of the affected portion of the liver is simply a complementary part of radical'resection' and for reasons already given it is usually sufficient to divide the liver 2 or 3 cm. beyond the visible limits of the tumour. In the case of gall-bladder cancer, the necessary extent of the excision is still debated. Simple removal of the gall-bladder and its bed is certainly inadequate as our own and many others' long-term results show. Pack (I96I) describes an operation which involves removal of the central portion of the liver, leaving the left anatomical lobe and the lateral portion of the right lobe, but he does not exactly indicate whether he has himself performed it.
Of blood-borne metastases there is no doubt that the best results are to be looked for among the solitary, massive, metachronous deposits, but large, single metastases or well-localized clusters seen at the time of the primary operation are well worth removing. Such masses do not necessarily require a very wide excision and all five of our cases treated in tbis'way survived beyond one or two years.
Note on Rare Tumours
Among the rare tumours of the liver, fibroma, neuro-fibroma, neurinoma, lipoma and myxoma call for little comment. Of greater interest are the carcinoid tumours. There are a few of these on record in which careful search has failed to disclose any extra-hepatic primary site of growth (Edmondson, 1958; Hartmann, 1920; Peyron, Corsy, Surmont, Robert and Gleize-Rambal, 1924; Stanley, 1958; Cruickshank, I96I) . These may have arisen primarily in the liver, since argentaffin cells are found in the intra-hepatic bile ducts. The majority of hepatic carcinoids, of course, are secondary deposits from a primary growth in the gut or occasionally the bronchi. Both primary and secondary deposits are slow-growing and the main threat to life comes from the carcinoid syndrome. This occurs when there are substantial deposits either in the liver or outside the portal system altogether, and is thought to be due to the release of serotonin into the general circulation (Pernow and Waldenstr6m, I954) . Serotonin relased by a primary tumour in the gut is destroyed by monoamine oxidase in the liver and the severity of the symptoms is more or less proportional to the mass of active tumour tissue elsewhere. The implications of these facts are obvious. Secondary deposits should be excised whenever possible. Even if the primary growth is inoperable or not all 'the liver metastases can be resected, removal of those which are amenable to surgery will reduce the total secreting mass with corresponding benefit. Successful resections of carcinoid tissue in the liver have been reported by Hartmann (1920) , Ogilvie (1953) , and Wilson and Butterick (I959).
Surgical Principles
The importance of pre-operative replenishment of the blood volume and the body stores of protein and vitamins is now universally recognized: no operation calls more for more preparation than a hepatic resection. The liver is unique among the organs of the body in that removal of a portion of its substance leads to active regeneration of the remainder, so that the original weight of the organ is regained in about a fortnight's time. This process has been very fully studied in the rat (Harkness, I957; Dagradi, De Candia and Bellini, 1958; Dagradi, Bellini, De Candia and Crucitti, 1958) and there is ample evidence to indicate that the human liver behaves similarly (Pack, Miller and Brasfield, 1955) . In the rat subjected to a 70% resection, the weight of the residual liver has approximately doubled in about 36 hours, trebled in about five days, and has regained the original weight in about I4 days. This requires enormous quantities of protein and it has been shown experimentally that in proteinstarved animals regeneration is hindered (Brues, Drury and Brues, I936; Vars and Gurd, 1947) . There is also experimental evidence in favour of vitamins A and B, liver extracts and, if required, vitamin K. Simultaneous replacement of blood lost at operation is also essential.
Anaesthesia
We have used light hypothermia in five cases and have been greatly impressed with its advantages. Coagulation defects have not-been a problem nor has ventricular fibrillation, which is unlikely to develop in a non-cardiac operation conducted at a body temperature above 300 C. The field is quiet and comparatively bloodless and in the event of hemorrhage from the liver, temporary hemostasis by hilar compression may be Hobsley (1958) should be consulted.
The picture which emerges is of a liver whose internal arrangement bears little relation to the lobes of classical anatomy which are limited by superficial indentations of no structural significance. The main division is into right and left halves separated by a plane (the principal plane of the liver) intersecting the inferior surface along a line from the fundus of the gall-bladder, crossing the bifurcation of the portal vein, to the left border of the inferior vena cava. On the superior surface the line of intersection joins the same end-points, fiore or less by the shortest route. The two halves are the separate territories of the right and left, branches of the portal vein, hepatic artery and bile duct. The middle hepatic vein runs between them in the principal plane, receiving tributaries from either side (Fig. 9) There were three post-operative deaths, and of the other I8, 13 survived for periods between i and 7 years. Of Smith's nine right hemihepatectomies or hepatic lobectomies, for primary and secondary tumours, there were one operative death and three deaths from residual malignant disease (one at 6 months and two at i8 months), while five had survived for periods of 2 years, 2 years, 3 years, and 4 years. One of the 3-year survivors had evidence of residual disease, but the remaining four were well. Of our five primary carcinomas, there were one post-operative death and one late death from recurrent disease. The other three are alive and well after 17 months, i year and i year. In none of these patients was the liver cirrhotic.
The operations for carcinoma of the gall-bladder are particularly disappointing, all five patients having died, one at the conclusion of a right lobectomy and the remaining four at varying intervals following cholecystectomy with local hepatic resection. These results further demonstrate the inadequacy of combining a purely local form of hepatectomy with cholecystectomy.
Pettinari (I957) tabulated 67 cases treated in this way and of 27 who were followed up only six survived for periods between i and 7 years (the 7-year survivor was reported by Glenn and Hayes, I954). Better results may be expected from right hepatic lobectomy (which includes the gall-bladder) and Smith (I96I) has a patient so treated who is alive and well after 3 years.
Of our remaining eight patients with metastatic tumours, only two are known to have survived as long as i8 months. Considering the nature of their lesions, this is hardly surprising, for metastatic melanoma, carcinoma of the stomach with synchronous blood-borne liver secondaries, hypernephroma directly infiltrating the liver, and primary carcinoma of the bile ducts are unhopeful conditions from the start. The survival of even two suggests that liver resection is worth undertaking in such cases whenever it is feasible.
